In order to evaluate the efficiency of phytase in diets with low and high phytate phosphorus (PP) content, as a consequence of wheat bran inclusion, on the relative weight of organs, intestinal morphometry and performance, three hundred and eighty-four male Cobb500 broilers were housed in metabolic cages. Animals were assigned into four treatments in a 2x2 factorial scheme in a randomized block design with eight replicates of 12 birds each. From 11 days of age birds received experimental diets, which consisted of: Diet low in PP; Diet low in PP with phytase (500FTU kg -1 ); Diet with a high PP and Diet with a high PP with phytase (500FTU kg -1 ). At 22 and 32 days of age two birds were slaughtered in order to collect gizzard, heart, liver, cecum, cloacal bursa, and at 32 days, a portion of the duodenum, jejunum and ileum was collected for morphometric evaluation. From 22 to 32 days of age average feed intake, average weight gain, average body weight and feed conversion ratio were also evaluated. Data were subjected to analysis of variance, fixed effects of diet and phytase and interaction between factors as well as the random block effects were tested. There was no significant interaction for the variables studied, concluding that phytase in diets with low or high phytate phosphorus content did not change the relative weight of organs, intestinal morphometrics and performance; only isolated effects were observed.
INTRODUCTION
Although non-ruminants are fed with vegetal feed (cereals, oil seeds and their byproducts), approximately two thirds of the phosphorus present in such feed is in the PP form (GUENTER, 1997) . Therefore, their diet must be complemented with inorganic phosphorus, one of the most expensive and rare minerals, as a greater part of that fraction of phosphorus not used is excreted with the feces, generating environmental pollution. In addition, it can combine with other ions, such as calcium, magnesium, zinc, iron, to form phytate and nutritional deficiencies I Programa de Pós-graduação em Zootecnia, Universidade Federal de Pelotas (UFPEL), 96010-000, Pelotas, RS, Brasil. E-mail: aianec@yahoo.com.br. * Corresponding author. II Empresa Brasileira de Pesquisa Agropecuária (EMBRAPA) -Suínos e Aves, Concórdia, SC, Brasil. (GUENTER, 1997; LEESON & SUMMERS, 2005) . However, non-ruminants have little or no capacity to utilize PP, as there is little or no natural synthesis of phytase enzyme in the digestive tract of these animals (GREINER & KONIETZNY, 2010) .
Exogenous enzymes are being broadly studied and used in animal nutrition with phytase being one of the most widely known. Phytase has an effect on performance, retention and availability of nutrients, reducing the variability of energy from feed stuffs, neutralizing the anti-nutritional effects of phytate; thus, increasing the accuracy of feed formulation (SOUSA et al., 2015) .
The effects and benefits of phytase on the performance of broilers have been shown in different studies; however, phytase is basically used to reduce the anti-nutritional effects of phytate (RAVINDRAN et al., 2008; SELLE et al., 2009; OLUKOSI &FRU-NJI, 2014; SOUSA et al., 2015) . When such fact occurs, there is an improvement of intestinal integrity and consequently greater absorption of nutrients and better performance of the animal (SMULIKOWSKA et al., 2010) .
To improve phytase efficacy, it is important to make available adequate substrate so that the enzyme may work accordingly. Wheat bran is a widely available and economically viable ingredient for use in animal feed, as it contains around 16% crude protein, 4.5% of fat content, 12% crude fiber (LEESON & SUMMERS, 2005) . This feed presents a high PP content, around 0.64%, which represents 66% of total phosphorus contained in the raw material, and it may thus be considered a good substrate for the phytase enzyme (ROSTAGNO et al., 2011) .
In this way, the aim of this study was to evaluate the efficiency of phytase on diets with low and high PP content and its effects on the relative weight of organs, intestinal morphometry and performance of broiler chicks.
MATERIALS AND METHODS
The study was conducted in a metabolic room under controlled temperature, relative humidity and illumination, according to the lineage manual (COBB500, 2009) at Embrapa Swine and Poultry. Three-hundred and eighty four 1-d old male Cobb500 broiler chicks were kept in metal metabolic cages, equipped with bar feeders and nipple drinkers, where feed and water were supplied ad libitum.
Birds were allocated into four treatments, resulting from a 2x2 factorial scheme (two levels of PP x presence or absence of phytase 500FTU kg -1 ), in a randomized block design, with eight replicates per treatment and 12 birds per cage (experimental unit) . At the beginning of the experiment, birds were weighed individually and sorted out into the blocks according to their initial weight, allowing all treatments to have eight blocks, which corresponded to replicates, with birds of uniform weight within each block, according to table 1.
Diets were prepared so that they would have different levels of PP, one with low (corn and soybean meal) and another one with high PP content (corn and soybean meal with the inclusion of wheat bran). They were formulated according to the nutritional requirements for broiler chickens according to the Brazilian Table for Poultry and Swine (ROSTAGNO, et al., 2011) , showing similar levels of metabolizable energy, crude protein, calcium, available phosphorus, sodium and digestible amino acids. Despite the inclusion of inert, wheat bran with high fiber content and vegetable oil, respecting the limits proposed by the literature, it was assumed that the levels were within the physiologically acceptable limits, to the point of not affecting animal performance and the evaluated responses.
Up to 10 days of age, all broilers were fed with the same basal diet. From the 11 th day on, two (11-21d and 22-32d) experimental diets were delivered that consisted in: T1 -low PP content diet; T2 -low PP content diet with phytase (500FTU kg -1 ); T3 -high PP content diet and T4 -high PP content diet with phytase (500FTU kg -1 ), according to table 2.
A commercial phytase, produced from Aspergillus ficuum (3-phytase (EC 3.1.3.8)) was used. The phytase content in each feed was assessed following the method determined by ISO (2008) and the PP content was determined according to DE BOEVER et al. (1994) , to determine the PP percentage obtained based on the molecular weight At 22 and 32 days of age, two birds per experimental unit were identified, weighed and sacrificed by cervical dislocation (ART.14 OF RESOLUTION Nº1000, CFMV, 2012) to collect gizzard, heart, liver, cecum, cloacal bursa to determine the relative weight of those organs. At 32 days, a portion of duodenum, jejunum and ileum was collected to assess their intestinal morphometry. The gizzard (without its content), heart, liver, cecum and cloacal bursa were weighed with a digital scale (Brand: Bel Engineering, model Mark 5200 and with 0,01g precision), to measure relative weight (%PR = organ weight / body weight x 100) in relation to the body weight of each bird at the time they were sacrificed.
In order to assess intestinal morphometry, a sample of two centimeters long of each of the The expected levels do not normally coincide with the supplemented levels because of the natural phytase present in the raw material, but it is assumed that natural phytase is not active in the gastrointestinal tract (GUENTER, 1997).
segments of the thin intestine (duodenum, jejunum and ileum) was collected and then fixed in a 10% formaldehyde solution. After fixation, the samples were dehydrated in ascending concentrations (70, 80, 90 and absolute) of ethyl alcohol, followed by diaphanization with xylol and inclusion in paraffin. Paraffin blocks were sectioned in rotating microtone at a thickness of 5 µm in 10 transversal and semiserial cuts. Blades were stained with hematoxylin and eosin (HE), and then they were mounted between slides and cover slips using Entellan ® resin (Merk). Histological sections were analyzed using digital images captured by a camera (Zeiss, Axio Cam ICc 3) coupled to a microscope (Zeiss, Scope A1) at 5x magnification. Images were used to measure the heights of 10 villus and depths of 10 intestinal crypts and their measurement was made with a software program (Image Pro-Plus 4.5), and later relations between villus height and crypt depth were calculated.
In the period of 22 to 32 days of age, birds were weighed for average body weight (ABW) and average weight gain (AWG). Feed used and leftovers were also weighed during each phase to determine the average feed intake (AFI) and feed conversion ratio (FCR), which was obtained from the AFI/AWG. Data were subjected to analysis of variance, with a 5% significance level through the SAS (2008) MIXED procedure. Fixed effects of diets and phytase, and interaction between factors, as well as randomized block effects, according to the statistical model were tested: Y ijk = μ + B i + D j + F k + DF jk + ε ijk , where, Y ijk = observed value in i-simal block, at j-simal phytate phosphorus content, at k-simal phytase level; μ = general mean; B i = block effect; i = 1, 2,...,8; D j = effect of phytate phosphorus content; j = high, low; F k = effect of phytase level; k =0, 500; DF jk = effect of interaction between phytate phosphorus content and phytase level; ε ijk = random error associated to each observation.
RESULTS AND DISCUSSION
Results of the relative weight of organs at 22 and 32 days of age did not show interaction between the PP and phytase factors (Table 3) . However, at 32 days of age, there was an isolated Table 3 -Relative weight (%) of gizzard, heart, liver, cecum and cloacal bursa of broilers male Cobb 500 broilers, at 22 and 32 days of age, fed with low and high phytate phosphorus (PP) content diets and without or with phytase (mean±standard error).
----------Phytase (FTU kg -1 )----------------p-value for the principal effect and interaction----- effect both of PP content and of phytase. The diet with high PP content provided a greater relative weight for the gizzard and the diet with low PP content presented a greater relative weight for broiler chicks liver. Regarding the diet with high PP content, it is also important to consider the high dietary fiber content, which according to MATEOS et al. (2012) may have effects on voluntary consumption, size of organs, intestinal motility, enzyme production and microbiota growth. It also resulted in greater development and better functioning of the gizzard, which may be an indication of the good functioning of the gastrointestinal tract.
When broilers were fed with a high phytate phosphorus diet, that is, with the inclusion of wheat bran, there was energetic dilution, which made necessary the inclusion of soybean oil in the diet to keep it isoenergetic. According to SILVA et al. (2014) , replacing carbohydrate or protein with lipids implies in the reduction of the diet's calorie increase, which will make the liver work less due to a less complex enzymatic system for digestion and absorption of these molecules. This justifies the lesser relative weight observed in the liver.
The presence of phytase provided greater relative weight of the heart. Study conducted by WANG et al. (2013) did not observe such fact. However, SOUSA et al. (2015) , upon evaluating diets with reduced nutritional levels, in the presence or absence of phytase, observed an increase in the relative weight of the heart, but with the absence of phytase. Authors noted that cardiac hypertrophy may be caused by hypophosphatemia due to the low supply of phosphorus. Nevertheless, in this study, there was no reduction of nutritional levels and the greater relative weight of the heart occurred with the presence of phytase, which would enable a greater phosphorus release, thus not characterizing a hypophosphatemia.
Birds' cecum had a smaller relative weight in the presence of phytase. HAN (1997) explains that the reduction of weight of the organs through the supplementation of exogenous enzymes may be related to the enzyme's efficiency in degrading anti-nutritive factors. Table 4 presents the results of variables, villus height (µm), crypt depth (µm), and the Table 4 -Villus height (VH), crypt depth (CD) and villus:crypt ratio (V:C) of duodenum, jejunum and ileum of broilers male Cobb 500 at 32 days of age, fed with low and high phytate phosphorus (PP) content diets and with or without phytase (mean±standard error).
---------------Phytase (FTU kg -1 )----------------p-value for the principal effect and interaction --------Principal Effect------- when WU et al. (2004) evaluated the influence of phytase on wheat-based diets with adequate levels of phosphorus, they determined that the villus of duodenum of the birds without phytase supplementation were relatively shorter and thicker. Whereas the addition of phytase provided an increase of the villus height when compared to the control treatment, but did not influence the villus height of the jejunum and ileum portion. Evaluation of the intestinal morphological characteristics, such as villus height and crypt depth, is required due to the absorptive capacity of the intestinal mucosa because the higher the villus, greater is the area of contact of enterocytes with the feed, which increases the absorption area of nutrients. In addition, an adequate and rapid weight gain of birds is directly linked with the morphological and functional integrity of the digestive system (GOPINGER et al., 2014) . Therefore, the inclusion of phytase in the diet of non-ruminants in order to reduce the antinutritional effects of phytate may also improve intestinal integrity and consequently improve nutrient absorption (SMULIKOWSKA et al., 2010) . Table 5 presents the results obtained for the performance in the period of 22 to 32 days of age, as there was no interaction among the factors analyzed because it is expected that when there is substrate (PP), the magnitude of the effect of the phytase enzyme is greater. However, when the effects were analyzed separately birds fed with a diet with higher PP content presented an AFI 1.64% greater in comparison with birds fed with a diet with low PP content. This is probably due to the high fiber content (3.9%) supplied by the wheat bran. Increasing the fiber in the diet may provide a greater intestinal motility and, consequently increase passage rate, resulting in greater feed intake (MATEOS et al., 2012) .
Phytase is well accepted in wheat-based diets (AMERAH, 2015) ; however, inclusion of wheat bran and phytase in broiler diets did not provide the best response for performance in this study. KLEYN (2013) notes that phytase has an impact mainly on the anti-nutritional properties of PP, and that, although not directly measurable, may have a positive effect on the performance of the birds due to a better absorption of the other nutrients. In addition, PP present in wheat is located in the aleurone and due to its fibrous nature it ends up limiting the access of the phytase to its substrate, thus stopping PP degradation (LIU et al., 2014) .
CONCLUSION
Phytase and phytate phosphorus content did not interact for the variables of performance, intestinal morphometry and relative weight of organs in broiler up to 32 days of age. Nevertheless, the feed intake was affected by the phytate phosphorus content. In addition, the relative weight of gizzard, liver, heart and cecum were affected by both, presence of phytate and by presence of phytase separately. Table 5 -Average feed intake (AFI -g/bird), average body weight (ABW-g/bird) on 32 days of age, and average weight gain (AWGg/bird) and feed conversion ratio (FCR -g:g) at the period of 22 to 32 days of age, for broilers male Cobb 500, fed with low and high phytate phosphorus (PP) content diets, and with or without phytase (mean±standard error).
---------------Phytase FTU kg -1 )-----------------------p-value for the principal effect and interaction-----------------------Principal Effect------------- 
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